The stead-state analysis of wind energy conversion system, consisting on windmill, synchronous generator, transmission line and induction motor driving a centrifugal pump is developed. The performance of the system operating at variable speed with a flux control is examined using mathematical models and digital simulation. The control scheme is proposed and tested in a laboratory and test center to compare field results with simulation results.
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Introduction
This paper shows work developed in the Paraiba Federal University localized in Campina Grande city in Brazil as reference to a master degree thesis. This work is the stead-state analysis of Wind Energy Conversion Systems that consists of windmill, synchronous generator, transmission line and induction motor driving a centrifugal pump where the performance of the system in variable speed was examined across mathematical model and digital simulation when a flux control was used. The control scheme was proposed and tested in a laboratory and a test center was used to compare with the simulation results.
The proposed system of "wind energy applied for water pumping in isolated places" had the first objective to get the maximum efficiency of the system when the flux magnetic induction motor was maintained constant in relation to the line frequency.
Then, to obtain this proposal an automatic voltage device to control the field current of synchronous generator was developed that will assure that generator output voltage Vgdivided by the wire frequencyfwill be constant. Through this control the maximum power transfer and also the maximum water pumping is achieved.
Methodology
The methodology used here, begun across the development of mathematical models of diverse subsystem which compose the principal system. With those mathematical model completed for every subsystem, the systematize process was possible by using FORTRAN language. A simulator named wind energy conversion system-SCEE was developed. At the same time several laboratory tests were realized to obtain the mathematical model of wind turbine, gear box, asynchronous generator, electric wire, induction motor, centrifugal pump and water tabulation of suction and discharge. Also the electronic control was developed in the laboratory of center of development of science and technology in energy alternative, NERG, localized in Federal University of Paraiba-UFPb. The next step was the montage of wind system in the field test with all the components, electronic control system, measure equipment as anemometer, windsock, voltmeter, ammeter, wattmeter and equipment for data acquisition and memory. Protection equipment for maximum wind velocity and maximum windmill axis rotation were used here.
Before every part of the systems was verified and data acquired, two teams were formed composed of three persons to monitor the data from the field center equipment. This experimental test was necessary for a month.
Then that data was treated and filed inside of a data bank, and all this data was used to compare with the data from the SCEE simulator.
Flux Magnetic Constant Strategy
With the previous knowledge that exist a family torque-speed curve for E/f held constant for induction motor drive then there is a possibility to find an operation point to hold the maximum power in the wind speed operation range with the speed of induction motor close to constant value (Fig. 1) .
To find this operation point in this proposed study it was necessary to know that the asynchronous generator terminal voltage V g can be controlled by action in the asynchronous generator field voltage V f . As the generator axis velocity depends on the wind velocity V v and also gearbox velocity reduction. The V v variable will influence all others systems variables so the control system is designed in function of previous knowledge that there is a liner relation between E g and I f , and this relation operates inside of I f range for every family curve E g (f) . The motive for this comportment is because of the hysteresis magnetic [1] . In this system study the operation range correspond in 5 to 10 m/s of the wind speed.Outside this range the system is turned off automatically. The strategy realized is with generator voltage divided by frequency of the line V g /f is converted in DC signal, direct current, where this DC value changes in proportion with line frequency.
This DC signal now is compared with a reference signal that results in an error signal (Fig. 2) [2] . Other sensor is used to take a signal from the line. This signal of the wire is a sine wave with variable frequency that is converted in a ramp signal see the SRC block in Fig. 3 [2] . The second comparator circuit receives twos 
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Centrifugal Pump
The centrifugal pump mathematical model was obtained from laboratory and is shown as: 
Semi Controlled Rectifier
The semi controlled rectifier mathematical model shown in Eq. (21) is obtained from book Electric Machinery [4] . In this study the rectifier receives a voltage level from the generator output V g . This voltage is processed and results in V f which is the output rectifier voltage and the input voltage to the generator field.
This voltage V f value is controlled across an electronic control circuit explained in item 4. Then the model is as follows: 
Results and Discussion
As proposed in this work the values found was filed in a data bank, before treated was created the final values for all the measure realized across the measures instruments, that values was doing the graphics and tables, like shown here.
It is important to know that the error found between the theoretical value and electric measurement value was around 2% [6] . Table 1 shows the output data obtained from the simulator SCEE for wind speed in a range of 5-10 m/s.
The value of every elements of the electric circuit shown in Fig. 3 is given by:
where R 1 is the electric resistance of synchronous generator; R 2 is the resistance of the stator of induction motor; R r is the resistance of asynchronous machine translated from the rotor to stator; L 1 is the inductance of the asynchronous generator; L 2 is the inductance of the stator of induction motor; L 3 is the resistance of asynchronous machine translated from the rotor to stator and L 4 is the inductance referent to magnetization of induction machine.
In this model R 2 is considered as the result resistance from the rotor of motor eddied to resistance of the transmission line. If the same is used to L 2 , then: Table 1 shows in the first column the wind velocity, and second column the turbine power, third column the induction motor power, the next columns centrifugal pump power, the magnetic flux and finally the system efficiency.
In column five we can observe that for all range of the wind speed the magnetic flux is closely constant, the same is observed in the last column where the total efficiency of the system is shown.
In the second, column we can see the turbine power obtained from the wind for a range of 5 to 10 m/s. That value is the maximum that we can get to this proposed work, the same is true for the induction motor and centrifugal pump powers.
The efficiency total of the system can be observed by Fig. 4 , where the characteristic curve of the system efficiency was shown.
Also, the turbine power and pump power is shown in Fig. 5 , this curves is possible to observe the lost power between input power and output power bysubtracting the wind power and pump power.
Although this figure is possible to observe that the difference between the power generated by the turbine 
Conclusions
This work was part of the Master`s program at the Federal University of Paraiba -UFPb, in Brazil and was funded by CAPES-Coordination for the Improvement of Higher Education.
The proposed work is completed and included: development of mathematical models, computer simulation and data collection from the test center.
It is important to say that many other studies were used as a basis for this research work [7] [8] [9] 
